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Determination of access blood flow from ionic dialysance: of great interest in the early detection of dysfunction.
Theory and validation. Because the recirculation ratio induced by temporarily
Background. Several noninvasive techniques have been re- reversing the blood lines is dependent on the blood flowcently developed for calculating blood flow rate of vascular
rate in the vascular access, several noninvasive tech-access in hemodialyzed patients from the on-line measurement
of recirculation ratio by injecting a saline bolus when the blood niques have recently been proposed to estimate the vas-
lines are reversed. Here we describe a new noninvasive method cular access blood flow rate by measuring the recircula-
based on ionic dialysance measurements without the need of tion ratio using different methods.a saline bolus.
We have designed a new method for the assessmentMethods. Mathematical modeling allows to calculate blood
of the blood flow rate of a vascular access for hemodialy-flow in vascular access (QA) from the recirculation ratio (Rrev)
measured when the blood lines are reversed, without the need sis from the ionic dialysance values recorded with blood
to stop ultrafiltration, by using the formula: QA 5 (QB 2 lines in normal and reversed positions. This method is
QF) 1 2 Rrev/Rrev where QB is the blood flow at the dialyzer based on the fact that the value of ionic dialysance calcu-inlet and QF the ultrafiltration rate. Because the ionic dialy-
lated from the dialysate conductivity values measuredsance takes recirculation into account, we tested a new method
to assess QA from the measurement of ionic dialysance at nor- at the dialyzer inlet and outlet takes recirculation into
mal (D) and reverse (Drev) positions of the blood lines for account [1, 2]. The theoretical model for the calculation
the same QB. Assuming the absence of access recirculation at of the blood flow rate in the vascular access is first de-normal position of the blood lines, mathematical modeling
scribed and then the preliminary clinical results validat-provides the following relationship: QA 5 (D 2 QF)Drev/D 2
Drev. The estimation of QA from measurement of ionic dialy- ing this new method are presented and discussed.
sance (QA-ID) was compared in 28 patients to the estimation of
QA by ultrasound dilution technique (QA-US). The model
Results. The two methods were strongly correlated (QA-ID 5
Calculation of recirculation ratio induced by the rever-1.24 * QA-US, r 2 5 0.86, P , 0.0001). The difference between
sal of blood lines. In the absence of recirculation, theQA-ID and QA-US was 107 6 387 ml/min (mean 6 sd).
Conclusions. Our method provides a valuable estimation of solute concentration (cBin) at the dialyzer’s blood inlet is
the vascular access flow and is fully noninvasive, easy to per- the same as the patient’s solute plasma concentration
form (no need of bolus injection and of accurate measurement
(cP) (Fig. 1). Access recirculation is defined as the directof QB) and totally inexpensive. Consequently this method is
return of venous (dialyzed) blood to the dialyzer, actuallysuitable for monitoring access blood flow in hemodialyzed pa-
tients in order to predict access thrombosis and to treat signifi- by-passing the patient (Fig. 2). Recirculation occurs if
cant stenotic lesions before thrombosis. the pumped blood flow rate through the dialyzer (QB)
exceeds the access blood flow rate (QA). In these condi-
tions, the blood concentration (cBin) at the dialyzer inletVascular access complications always account for a is not equal to the patient’s blood concentration (cP) oflarge part of the morbidity and cost of the hemodialysis the patient. The rate of solute delivered to the dialyzer
treatment. Monitoring the vascular access flow rate is can be expressed as follows:
cBin QB 5 cP QA 1 cBout QR (Eq. 1)Key words: blood flow rate, hemodialysis, dialysate, vascular access.
where cBout is the blood concentration at the dialyzerReceived for publication December 23, 1998
outlet and where the recirculation flux QR is equal toand in revised form April 23, 1999
Accepted for publication April 29, 1999 QB 2 QA. Defining the recirculation ratio R as QR/QB and
substituting QB 2 QR for QA in Equation 1 results in: 1999 by the International Society of Nephrology
1560
Mercadal et al: Access blood flow and ionic dialysance 1561
Fig. 1. Blood flows without access recircula-
tion. Vascular access blood flow (QA) is usually
higher than blood flow at the dialyzer inlet
(QB). In these conditions, no recirculation oc-
curs.
Fig. 2. Blood flows with access recirculation.
If QA , QB, recirculation occurs with: QR 5
QB – QA. The rate of solute delivered to the
dialyzer can be expressed as follows:
cBin QB 5 cP QA 1 cBout QR (Eq. 1)
Fig. 3. Recirculation with blood lines in re-
versed position. The recirculation ratio is a
function of QA. The solute conservation at
point M can be expressed as follows:
QA cP 1 (QB 2 QF) cBout
5 (QA 1 QB 2 QF) cBin (Eq. 3)
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cBin 5 (1 2 R) cP 1 R cBout (Eq. 2) Drev 5 D0
QA
(QA 2 QF) 1 D0
(Eq. 10)
Recirculation also occurs if blood lines are in reversed
position (Fig. 3). In these conditions, cBin is not equal to Solving Equation 10 for QA yields:
cP either, but:
QA 5
(D0 2 QF)Drev
D0 2 Drev
(Eq. 11)cP QA 1 cBout (QB 2 QF)
5 cBin (QA 1 QB 2 QF) (Eq. 3)
Assuming the absence of recirculation when blood
where QF is the ultrafiltration rate through the dialyzer lines are in normal position, the measured value (D) of
membrane. ionic dialysance for the same values of dialyzer blood
Equation 3 can be formulated as follows: flow QB and ultrafiltration rate QF is equal to D0. Conse-
quently:cBin 5 (1 2 Rrev) cP 1 Rrev cBout (Eq. 4)
with: QA 5
(D 2 QF) Drev
D 2 Drev
Eq. 12)
Rrev 5
QB 2 QF
QA 1 (QB 2 QF)
(Eq. 5)
Equation 12 shows that the access flow, QA can be
estimated from the measurement of ionic dialysance at
Comparing Equations 2 and 4 shows that the reversal normal position (assuming the absence of access recircu-
of blood lines induces recirculation, with a ratio given lation) and at reverse position of blood lines. For QF 5by Equation 5. If Rrev can be measured, the access blood 0, Equation 12 results in:
flow rate (QA) can be calculated from Equation 5:
QA 5
D · Drev
D 2 Drev
(Eq. 13)
QA 5 (QB 2 QF)
1 2 Rrev
Rrev
(Eq. 6)
as suggested by Gotch (abstract; ASAIO J 44:62A, 1998).
For QF 5 0, Equation 6 is formally identical to Kriv-
itski’s equation [3]:
METHODS
QA 5 QB
1 2 Rrev
Rrev
(Eq. 7) The vascular access blood flow rate was evaluated in
30 patients treated by chronic hemodialysis. The vascular
Calculation of access flow from ionic dialysance mea- access of all patients was cannulated with two needles.
surement. Conductivity modeling [1, 2] provides for an Six patients had a graft and 24 a native vein fistula.
automatic and noninvasive estimation of ionic dialysance Dialysis sessions were carried out on an Integrat dialysis
(D). In the absence of recirculation, the ionic dialysance monitor (Hospal Dasco SpA, Medolla, MO, Italy)
reflects the dialyzer urea clearance [4]. If the recircula- equipped with the Diascant module automatically pro-
tion ratio (R) is not null, the value (D) of ionic dialysance viding each 30 minutes with the value of effective ionic
measured by conductivity reflects the actual urea clear- dialysance from dialysate conductivity values recorded
ance of the patient taking recirculation into account [5], at the dialyzer outlet for the two levels of dialysate con-
and is called “effective dialysance.” Effective dialysance ductivity at the dialyzer inlet [2, 4, 5].
(D) is related to dialysance D0, measured in the absence During the same dialysis session, the vascular access
of recirculation, with the following equation [2]: blood flow rate was measured both by the ultrasound
velocity dilution method using the HD01t monitor
D 5 D0
1 2 R
1 2 R 11 2 D0 2 QFQB 2 QF2
(Eq. 8) (Transonic Systems, Inc., Ithaca, NY, USA) used as a
reference and by the above-described method using Di-
ascant. Firstly, the percentage of recirculation at a given
After reversing blood lines for a few minutes, the value blood flow rate (QB), set at a value lower than or equal
(Drev) of ionic dialysance measured by conductivity takes to 250 ml/min, was measured twice during each session
the recirculation ratio (Rrev) into account. The relation- using the HD01t monitor by injecting 10 ml of isotonic
ship between Drev and D0 is given by Equation 8: saline solution in the venous line [6] in order to verify
the absence of recirculation when blood lines were in a
Drev 5 D0
1 2 Rrev
1 2 Rrev 11 2 D0 2 QFQB 2 QF2
(Eq. 9) normal position. Blood lines were subsequently put in
reversed position for approximately eight minutes.
Blood flow and ultrafiltration rates were set at the same
values as for blood lines in the normal position. TheReporting in Equation 9 the value of Rrev given by
Equation 5 yields: access blood flow rate QA-US using the HD01t monitor
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was measured twice by injecting 10 ml of isotonic saline
solution in the venous line [7].
Ionic dialysances D and Drev were measured by the
Diascant module with blood lines consecutively in the
normal position and 30 minutes later in a reversed posi-
tion, and at the same blood flow and ultrafiltration rates
set on the dialysis monitor. Vascular access blood flow
rate QA-ID was calculated according to Equation 12. The
statistical study was carried out on Statview 4 software
using Student’s t-test for paired data, linear regression
analysis and Bland-Altman plot.
RESULTS Fig. 4. Comparison of access flow rate values measured using the Dia-
scant (QA-ID) and the HD01t monitor (QA-US).Two patients were excluded from the study because
of the inability to measure the access blood flow rate
using the ultrasound velocity dilution method, due to
the absence of recirculation even with blood lines in the
reversed position (Rrev 5 0), making the calculation of
the access blood flow rate with Equation 6 or 7 impossi-
ble. The HD01t monitor revealed the unusual aspect of
the dilution curve with blood lines in reversed position.
One of these patients had a fistula drained by both the
cephalic and basilic veins, each of which were cannu-
lated. For this patient, the Diascant method disclosed
the same ionic dialysance value after needle reversal
(160 vs. 162 ml/min). Concerning the second patient, an
angiography was performed because of an increase in
venous pressures and showed that venous drainage
Fig. 5. Bland-Altman plot between access flow rate values measuredmainly took place by a vein different from that cannu-
by the Diascant (QA-ID) and by HD01t monitor (QA-US).lated on the venous side, the latter being partially throm-
bosed. The Diascant method detected an access blood
flow rate of 670 ml/min.
Concerning the other 28 patients, for a blood flow rate (QA-US) measured by the HD01t monitor (range 230 toranging from 220 to 250 ml/min on the blood pump of 1400 ml/min) was 107 6 387 ml/min (mean 6 sd). The
the dialysis monitor (mean 6 sd, 245 6 12 ml/min), data are illustrated in Figures 4 and 5.
the actual blood flow values measured by the HD01t
monitor ranged from 196 to 248 ml/min (mean 6 sd,
DISCUSSION225 6 12 ml/min). No recirculation was detected on any
patient by the HD01t monitor with blood lines in normal Prevention of thrombosis is the major objective of
position. With a dialyzer blood flow rate set on the dial- prospective evaluations of the vascular access in hemodi-
ysis monitor at the same value, there was no statistical alyzed patients. Unfortunately, the first sign of a problem
difference in actual dialyzer blood flow rate measured often is thrombosis and flow cessation. In order to screen
by the HD01t monitor between the normal and reversed the patients at high risk of thrombosis and then to inter-
positions (225 6 12 vs. 225 6 14 ml/min). vene before the access fails, it is important to detect
The linear regression analysis of the access blood flow venous stenosis at an early stage.
rate values measured by the ultrasound dilution tech- Stenosis can reduce access flow and thereby limit
nique (QA-US) and by the Diascant method (QA-ID) re- blood flow to the dialyzer. Despite flow limitation, the
sulted in the following relationship: blood roller pump may continue to pump at a greater
rate than the access inflow rate (QA). Recirculation onlyQA-ID 5 1.24 * QA-US (Eq. 14) occurs if QA becomes lower than the blood flow (QB) in
with a significant (P , 0.0001) correlation coefficient the extracorporeal circuit. Consequently, the predictive
(r 2 5 0.86). The difference between the value (QA-ID) of value of access recirculation measurement with regard
vascular access blood flow rate measured by the Dia- to future access thrombosis is poor, especially in patients
with grafts and treated by low-flux techniques [8].scant method (range 160 to 2190 ml/min) and that
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Our method further provides for a noninvasive mea-
surement of access flow without a saline bolus. It is based
on the fact that the ionic dialysance value measured by
the Diascan module takes the recirculation ratio into
account [1, 2]. In contrast with the method described
by Gotch, our model takes ultrafiltration into account,
allowing ultrafiltration to be maintained while the mea-
surement is performed.
Our model assumes the absence of recirculation with
blood lines in a normal position. However, our technique
cannot directly measure access recirculation. A probabil-
ity for access recirculation can be suggested if the esti-
mated value of access flow QA from Equation 12 is near
from dialyzer blood flow QB (cf. Appendix) or by com-
paring the actual ionic dialysance value with blood lines
in normal position with the value expected for the same
dialyzer in the same conditions (QB, QD, QF). We have
therefore deliberately chosen a dialyzer blood flow rate
(QB) lower than or equal to 250 ml/min in order to avoid
access recirculation, because new techniques using non-
urea based methods have given evidence of the absence
of access recirculation in most patients at low QB values
[14]. We have verified this condition using the ultrasound
dilution method on each patient.
With the Diascant method, the accurate measurement
of the effective dialyzer blood flow rate (QB) does not
seem to be necessary, because the accuracy of the dia-
lyzer blood flow rate on the dialysis monitor, set at the
same value with blood lines in normal and reversed posi-
tions, induces no statistical difference between the effec-
tive dialyzer blood flow rate measured in these two posi-
tions of blood lines. Therefore, the discrepancy betweenFig. 6. A device for reversing the blood lines. When crossed lines are
both ionic dialysance values at different blood line posi-clamped (as in the photograph), blood lines are in a normal position.
When external lines are clamped, the blood lines are reversed. tions is not betrayed by a difference in effective dialyzer
blood flow rate, but is only due to the recirculation in-
duced in reversed position.
The Diascant method was compared to the ultrasound
Measurement of access blood flow seems to provide dilution technique, because the latter has already proved
the best accuracy to monitor vascular access: the detec- to be very accurate [3, 15]. The Diascant method and
tion of a flow rate below 600 ml/min [9] or of a decrease ultrasound dilution technique are highly correlated. The
in blood flow higher than 15% from serial measurements Bland-Altman plot (Fig. 5) shows a greater discrepancy
[10] is associated with an increased risk of thrombosis between the two methods for the high values of access
of grafts, even if recirculation access does not occur at flow. In fact, in the range of high access blood flow, the
this level. New techniques have recently been proposed accuracy of the two methods could be lessened by the
for the noninvasive measurement of access flow from hazardous of incomplete mixing of the blood in the vas-
the recirculation induced by the reversal of blood lines. cular access. This fact was also suggested by Krivitski
Equation 6 or 7 allow to calculate the flow rate of a for the ultrasound technique [3]. However, in this range
vascular access using all the methods of recirculation of access flow, precision of measurement is less required
measurement, when blood lines are in reversed position, for the monitoring of access problem by the physician.
including urea ones. Ultrasound dilution [7], conductivity Like the ultrasound dilution technique, the Diascant
dilution [11], and hemoglobin dilution [12] provide for method cannot explore the vascular access if there is
noninvasive measurements of access flow by injection of not any recirculation with blood lines in the reversed
a saline bolus with similar results. A great change in position. The vascular access of these patients cannot be
dialysate temperature (thermal dilution technique) monitored using all the methods based on the recircula-
tion induced with blood lines in reversed position. Theavoids the need of a saline bolus [13].
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invasive monitoring of effective dialysis dose delivered to the dial-Diascant method has the disadvantage not to systemati-
ysis patient. Nephrol Dial Transplant 10:212–216, 1995
cally detect this particular aspect: close ionic dialysance 6. Depner TA, Krivitski NM, MacGibbon D: Hemodialysis access
recirculation measured by ultrasound dilution. ASAIO J 41:M749–values in both normal and reversed positions could thus
M753, 1995indicate a high vascular blood flow rate or the absence 7. Depner TA, Krivitski NM: Clinical measurement of blood flow
of recirculation in a reversed position due to particular in hemodialysis access fistulae or grafts by ultrasound dilution.
ASAIO J 41:M745–M749, 1995fistula drainage. Such patients should be carefully exam-
8. Besarab A, Sherman RA: The relationship of recirculation toined. Simple clinical examination and analysis of the access blood flow. Am J Kidney Dis 29:223–229, 1997
9. Bosman PJ, Boereboom TJ, Eikelboom BC, Koomans HA, Blank-surgical descriptive diagram could answer this question.
estijn PJ: Graft flow as a predictor of thrombosis in hemodialysisMeasurement of vascular access blood flow rate using
grafts. Kidney Int 54:1726–1730, 1998
the Diascant method does not involve any additional 10. Roxana Neyra N, Alp Ikizler T, May RE, Himmelfarb J, Schul-
man G, Shyr Y, Hakim RM: Change in access blood flow overcost. The Diascant module is standard on the Integrat
time predicts vascular access thrombosis. Kidney Int 54:1714–1719,dialysis monitor. There is no need for injection, but the 1998
reversal of blood lines remains necessary. However, a 11. Lindsay RM, Blake PG, Malek P, Posen G, Martin B, Bradfield
E: Hemodialysis access blood flow rates can be measured by asimple device (Fig. 6) was successfully tested to minimize
differential conductivity technique and are predictive of access
the time for reversing the lines and to avoid the contact clotting. Am J Kidney Dis 30:475–482, 1997
12. Lindsay RM, Rothera C, Blake PG: A comparison of methods forwith the blood and the need to stop the blood pump.
the measurement of hemodialysis access recirculation: An update.In conclusion, access flow monitoring allows a predic- ASAIO J 44:191–193, 1998
tion of access thrombosis before significant recirculation 13. Schneditz D, Wang E, Levin NW: Validation of haemodialysis
recirculation and access blood flow measured by thermodilution.occurs, especially at a low dialyzer blood flow rate, and
Nephrol Dial Transplant 14:376–383, 1999
thus allows the treatment of significant stenotic lesions 14. Sherman RA, Besarab A, Schwab SJ, Beathard GA: Recognition
of failing vascular access: A current perspective. Semin Dial 10:1–4,before thrombosis in order to improve the functional
1997life of vascular access. Our method provides a valuable 15. Gleed RD, Harvey HJ, Dobson A: Validation in the sheep of an
estimation of the vascular access flow and is fully nonin- ultrasound velocity dilution technique for haemodialysis graft flow.
Nephrol Dial Transplant 12:1464–1467, 1997vasive, easy to perform (no need of bolus injection and
of accurate measurement of QB), and inexpensive. Con-
sequently, this method seems suitable for monitoring APPENDIX
access blood flow in hemodialyzed patients. Our model assumes the absence of access recirculation (with blood
lines in normal position). In these conditions the value (D) of ionic
Reprint requests to Dr. T. Petitclerc, Department of Nephrology, dialysance measured by the Diascant is equal to D0.
Hoˆpital Pitie´-Salpe´trie`re, 83 Boulevard de l’Hoˆpital, F-75651 Paris, Recirculation occurs if the dialyzer blood flow (QB) exceeds the
France. access blood flow (QA). In these conditions, the value (D) of ionic
dialysance measured by the Diascant is not equal to D0, but is provided
by Equation 8 where the recirculation ratio (R), defined as QR/QB, isREFERENCES equal to (QB – QA)/QB (Fig. 2).
Substituting (QB – QA)/QB for R in Equation 8 yields:1. Polashegg HD: Automatic non-invasive intradialytic clearance
measurement. Int J Artif Organs 16:185–191, 1993
D 5 D0
QA(QB 2 QF)
QB(QA 2 QF) 1 D0(QB 2 QA)
(Eq. a)2. Petitclerc T, Goux N, Reynier AL, Be´ne´ B: A model for non-
invasive estimation of in-vivo dialyzer performances and patient’s
The value of access blood flow rate estimated by the Diascantconductivity during hemodialysis. Int J Artif Organs 16:585–591, method is given by Equation 12. Reporting in Equation 12 the value
1993 of D provided by Equation a and the value of Drev provided by Equation3. Krivitski NM: Theory and validation of access flow measurement 10 yields:
by dilution technique during hemodialysis. Kidney Int 48:244–250,
1995 (D 2 QF)Drev
D 2 Drev
5 QB (Eq. b)
4. Mercadal L, Petitclerc T, Jaudon MC, Be´ne´ B, Goux N, Jacobs
C: Is ionic dialysance a valid parameter for quantification of dialysis Therefore, for QA , QB, access recirculation occurs at normal posi-
efficiency? Artif Organs 22:1005–1009, 1998 tion of blood lines and the Diascant method gives an overestimation
5. Petitclerc T, Be´ne´ B, Jacobs C, Jaudon MC, Goux N: Non- of QA equal to QB.
